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Electromagnetic micro instabilities in helical sys-
tems are studied by numerically solving integral eigen-
mode equations, which are derived from the ion gy-
rokinetic equation, the quasineutrality equation, the 
Ampere's law J and the massless electron approxima-
tion [IJ. The stellarator expansion technique is used 
to evaluate finite-beta effects on the guiding-center 
drift in the helical configuration, where the toroidal 
plasma shift and the magnetic shear strongly influ-
ence the magnetic curvature and accordingly the sta-
bility of both magnetohydrodynamics (MHD) and ki-
netic modes. The kinetic integral equations are shown 
to reduce to the ideal MHD ballooning mode equa-
tion in the fluid limit, from which the Mercier crite-
rion is obtained. For helical geometry like the Large 
Helical Device (LHD), it is confirmed that, when in-
creasing the beta value, the ion temperature gradi-
ent (ITG) mode is stabilized while the kinetic bal-
looning mode (KBM) is destabilized [see Fig.lJ due to 
the unfavorable geodesic curvature resulting from the 
negative magnetic shear combined with the toroidal 
plasma shift. It is confirmed from Fig.l that the beta 
value for the marginal stability of the KBM ((3 '" 0.01) 
is larger than that for the Mercier marginal stability 
((3 '" 0.006). We also numerically verified that the 
KBM is completely stabilized for (3 2: 0.17 (not shown 
in Fig. 1) where the helical system is still. Mercier-
unstable. Also, dependencies of these kinetic-mode 
properties on the poloidal wave number and the mag-
netic shear [see Fig.2J are investigated. Figure 2 shows 
that, in the low-beta case ((3 < 0.03), the KBM is sta-
bilized by the strong (negative) magnetic shear while, 
in the high-beta case ((3 > 0.03), it is stabilized by the 
weak magnetic shear. These tendencies also correlate 
with the Mercier parameter, which contains effects of 
the field-line bending and the normal and geodesic cur-
vatures. It is found that the KBM-unstable parameter 
region is narrower than the Mercier-unstable region in 
the LHD-like configuration. 
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Fig.l. Mercier parameter DM - 1/4 (a) and normalized 
growth rate wdw*e and real frequency w1-/w*e (b) as a func-
tion of fl. Parameters used here are L = 2, M = 10, 
q = 2, S = -1, Ok = 0, ao = 0, "Ii = "1e = 3.5, 
£n == Ln/Ro = 0.3, Te == T,jTi = 1, f.h/f.t = I, and 
keP'Ti = 0.5 (for the ITG mode), 0.35 (for the KBM). 
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Fig.2. Mercier parameter DM - 1/4 (a) and normalized 
growth rate wdw*e and real frequency wr/w""e (b) as a func-
tion of the magnetic shear parameter s for (3 = 0.01, 0.02, 
0.04, and 0.08. Other Parameters are the same as in Fig. I. 
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